There is an increasing number of specialties performing office-based procedures, with many different providers practising in this field. Office Based Anaesthesia Solutions is a private enterprise designed to be a high-quality general anaesthesia and sedation service delivering care across 18 dental practices in Victoria. We undertook a criterion-based audit of our practice standards and outcomes. Following ethics approval, we retrospectively reviewed consecutive patients managed by our service between March 2014 and July 2017. We collected demographic data, information about anaesthesia technique, and surgical features. We assessed our findings against the Australian and New Zealand College of Anaesthetists (ANZCA) day surgery policy documents. During the specified period, we provided anaesthesia or sedation for 1,323 patients. Their ages ranged from two to 93 years (mean [standard deviation] 33.3 [18.6] years). Ninety-three percent of patients were American Society of Anesthesiologists (ASA) physical status classification 1 or 2. Patient demographics were in line with ANZCA day surgical policy documents. Total intravenous anaesthesia was used in 1,054 of the 1,096 documented general anaesthesia cases. There were three unplanned hospital transfers (annual incidence 0.07%). As this was the first Australian criteria-based audit of officebased anaesthesia (OBA) for dental procedures, we cannot compare our findings directly to previous studies. However, we feel that our patient demographics fell within acceptable ANZCA day procedure standards and our adverse event rate was both very low and similar to other published international adverse event rates. Our audit indicates that with careful screening processes, patient selection and medical governance, OBA is a viable model of care for patients undergoing dental procedures.
Office-based anaesthesia (OBA) is in its infancy in Australia. The drivers for OBA are multiple. These include advantages for both the proceduralist and the patient. Patients perceive greater personal attention and privacy whilst the proceduralist perceives greater efficiency, consistent staffing and local familiarity with equipment, particularly relevant in the dental setting 1 . There are multiple providers across Australia catering to these needs. In particular with dental services provision, there are a number of providers in Victoria offering anaesthesia services.
Office Based Anaesthesia Solutions (OBAS) is a privatelyoperated service, which was established in Victoria in response to an increasing market need with patient safety as a priority. The uniqueness of this service model lies in the detailed consideration and implementation of international recommendations in the conduct of OBA as well as the national applicable day surgical documents. In establishing the service, multiple relevant Australian 4 . We reviewed and cross-referenced the relevant documents to OBA as applied in the United States, where OBA covers about 17% of all outpatient anaesthesia practice 5, 6 . In line with the requirements for criteria-based quality audit of patient care, we conducted a quality assurance retrospective audit of 1,323 dental procedures under general anaesthesia or sedation provided exclusively by our office-based service. Our aims consisted of evaluating the demographics of our patient population against the recommended day surgical standards as prescribed in the ANZCA document PS15 2016 Guidelines for the Perioperative Care of Patients Selected for Day Case Procedures 7 (ANZCA PS15). We described the main anaesthesia techniques and assessed them against OBA techniques recommended by the service and the available relevant evidence-based literature 8 . We assessed our selected postoperative outcomes against the relevant Australasian Clinical Indicator Report 9 . In addition, we assessed the adverse and potential sentinel perioperative outcomes against international figures reported in equivalent anaesthesia fields of OBA.
Methods and materials

Service structure description
OBAS provides sedation and general anaesthesia in 18 different dental sites across Victoria. The day-only procedures are performed in the dental practice offices by qualified dental practitioners. Procedures range from the simple to more complex multi-implant dental procedures. The anaesthesia care is provided by a specialist anaesthetist with all the relevant assistance and infrastructure as per the ANZCA professional documents/guidelines. Individual anaesthetists are ANZCA Fellows who are credentialled by OBAS. Currently, there are 22 ANZCA Fellows working with the service.
Individual sites are not formally accredited; however, all the dental practices are evaluated for the availability of appropriate equipment, recovery areas and suitable ambulance access in case of emergency as per relevant ANZCA documents 4, 10 . A preoperative screening process ensures patient suitability for OBA. The service's recommended technique is total intravenous anaesthesia (TIVA), partly due to the lack of available scavenging. Intraoperative monitoring is in accordance with ANZCA PS18 2017 Recommendations on Monitoring during Anaesthesia 11 . Other routine intraoperative and postoperative care is administered at the discretion of each individual anaesthetist in line with relevant ANZCA guidelines. Patients are followed up the following day with a routine phone call to ensure patient satisfaction and address any patient concerns or enquiries. There is mandatory reporting to the OBAS administration by all anaesthetists of anaesthesia-related adverse outcomes. Procedurerelated adverse outcomes are monitored through regular administrative reviews of surgical aspects of care.
Criteria-based audit
Ethics approval was obtained from the Monash Health Ethics Committee (RES-17-0000-430L), with a waiver for patient consent. This was a retrospective, observational audit of standard patient care. The anaesthesia forms documenting patient care from each site are held centrally at the OBAS premises. De-identified patient data was collected on a standard data collection form generated for the purpose of the audit. The study period from 26 March 2014 to 2 July 2017 was set arbitrarily to fit with the intention to review over 1,000 patients who had already been treated in Victoria. As this was a retrospective analysis of practice patterns, all patients were included in the study and there were no exclusion criteria.
Data were collected by a single author (LJ) and checked by the other two authors (AS) and (AL) to ensure data collection validity. Data were subsequently collated and entered into a spreadsheet. The following criteria-based quantitative data was collected: 1) Descriptive data on patient selection criteria in the dental environment including age, weight, body mass index (BMI), American Society of Anesthesiologists (ASA) physical status classification, additional comorbidities with benchmarking against the current ANZCA PS15. 2) Descriptive data on intraoperative anaesthesia techniques and airway devices used for airway management in the entire study population as well as subsets at extremes of age. This outcome was evaluated against the pre-determined desirable standard of TIVA. 3) Documented postoperative adverse outcomes including rates of postoperative nausea and vomiting. 4) Time of readiness to discharge in line with the Australasian Clinical Indicator Report 9 , unplanned delayed discharge greater than one hour beyond expected, or unplanned transfer or overnight admission related to procedure or ongoing management. 5) Rates of morbidity, adverse events and mortality (as documented by the service against other comparable large international OBA series). 6) Identification of any sentinel events in line with the Victorian Sentinel Event Program 12 .
We considered the potential for missing data. The descriptive data was analysed based on the data available to review and any missing information was considered to be missing completely at random. The denominator used in all descriptive analysis was that collected from the data rather than the total number of patients observed. We aimed for an arbitrary set value of 90% in relation to anaesthesia record maintenance and therefore chart compliance. Auditing and benchmarking chart compliance was not a specific objective of this audit. Compliance with chart maintenance was considered in terms of quality of methodology of our study. Statistical software program Stata 13 (Stata Statistical Software: Release 13, Stata Corp LLC, College Station, TX, USA) was used to analyse our descriptive data. When indicated, we used one-way analysis of variance to compare the means of different groups in parametric (normally distributed) data. We checked the normal data distribution though a histogram graph chart of collected data categories. We assumed an anaesthesia chart compliance of 90% or more. Any illegible or non-existent perioperative data entry was assumed to be missing at random.
Results
Patient demographics
From 26 March 2014 to 10 July 2017, perioperative care was delivered to 1,323 patients in dental offices in Victoria. Table 1 
Surgical characteristics
All procedures were performed by dental practitioners in their own dental offices. Forty-nine percent were for wisdom teeth extraction. Multiple extractions accounted for 15.7% and implant procedures accounted for 6.8% of procedures (Table 2) .
Anaesthesia technique
A total of 1,196/1,323 patients had a clearly documented anaesthesia technique on their charts. It was also noted that 94/1,196 (7.9%) had received a form of sedation. One thousand, one hundred and two of 1,196 (92.1%) patients had a general anaesthetic, with the predominant technique being TIVA using propofol (1,054/1,102) (Tables 3 and 4) .
Postoperative nausea and vomiting (PONV) prophylaxis with dexamethasone alone was given to 507 (38.3%) patients, and dexamethasone in combination with a 5HT3 antagonist was given to 357 (27%) patients. A total of 47 patients (3.6%) were given other combinations of antiemetics, with 412 (31.1%) receiving no PONV prophylaxis.
Of the patients who had had their airway strategy documented, 848/1,104 (76.8%) received a laryngeal mask airway. An endotracheal tube was used in 228 patients (20.6%) and 28 (2.5%) had documented supplementary oxygen during sedation. The use of an endotracheal tube was more common for longer cases (Table 5) .
During the data review, we found that 1,289 case records had the duration of the procedure recorded. The mean duration was 117 (SD 101) minutes. The shortest procedure was 15 minutes and the longest was 675 minutes. The median value was 75 minutes, with ten percent of cases taking longer than 265 minutes. Thirty-two cases took longer than seven hours, with nine of these taking nine hours or longer (Table 6 ).
Post-anaesthesia unit recovery data
Seven hundred and sixty-three (58%) patients received no analgesics in the post-anaesthesia care unit (PACU). In all, 560 (42%) received some form of supplementary analgesia. Thirty-five (2.6%) patients received opioids as rescue analgesia either in isolation or as part of combined therapy. Simple analgesia in the form of paracetamol in combination with ibuprofen was administered to 487 (37%) patients. A further 33 (2.5%) patients received paracetamol alone, whilst ibuprofen was administered to two (0.2%) patients as a sole agent. Ketorolac was given to two (0.2%) patients and tramadol was administered to one (0.1%) patient. A large number of temperature observations were missing, with 713/1,323 patients having their temperature recorded during recovery. Temperature on arrival in second stage PACU ranged from 33.6°C to 38.3°C with a mean of 36.3°C (SD 0.3°C). Ten percent of patients had a body temperature below 36°C. There were no adverse sequelae recorded due to hypothermia.
Twenty-eight (1.7%) patients had documented rescue postoperative antiemetics administered. None required an overnight stay in hospital. The mean duration of total PACU stay, from admission to readiness for discharge, was 45.3 (SD 26.5) minutes. Sixty percent of patients admitted to PACU stayed for 45 minutes or less. Twenty-one percent of patients stayed in PACU for longer than 60 minutes (this includes both stage one and stage two recovery).
One patient recorded a stay of five hours. We noted that 452/1,323 patients did not have the length of stay (LOS) documented.
Adverse and sentinel events
The following were noted to be adverse events requiring transfer: 1) Failure of carer to return to collect patient, with the carer uncontactable via all modalities. The patient was transferred to the emergency department. The carer subsequently returned and the patient returned home. No sequelae. No overnight admission. 2) Potential missing dental swab. Clinical staff unsure regarding missing dental
This adverse event rate of 3/1,323 (0.2%) occurred over three years and three months. All three patients were transferred to a suitable hospital centre. These were recorded as a clinical indicator: Unplanned transfer or admission related to ongoing management.
There were no sentinel events noted during the study period.
Discussion
This paper describes the results of a large audit of OBA care for dental procedures in Victoria, Australia. We conducted the audit as part of good practice, to examine our patient demographics and anaesthesia techniques, and assess the rate of adverse outcomes. Overall, the general patient demographics were in line with the relevant ANZCA day surgery and other policy documents. However, our findings must be interpreted with caution, because although our sample was large, there was also a large amount of missing data. We assumed that the missing data were missing completely at random. While it was our impression that the missing data related only to incomplete record keeping at random, and was not selective, we have no method to confirm this. The introduction of measures to ensure more complete record keeping is one of the outcome recommendations of the audit.
When considering the demographic data, the large majority (86%) of our patients were aged 18 to 65 years old. The youngest patient undergoing anaesthesia with OBAS was two years old. Anaesthetising patients at the extremes of age can be a more challenging task not suitable to the office environment. Patient selection is a key issue in the effective risk management of out-of-hospital anaesthesia. Ideal candidates are ASA physical status 1 or 2 patients as per ANZCA PS15 and internationally published literature 7, 8 . Higher-risk candidates include patients with severe obesity, sleep apnoea, poorly controlled hypertension and a difficult airway. These patients usually merit further perioperative review by the service and a decision-making process on proceeding or cancelling the procedure.
The low prevalence of comorbidities in our cohort is in keeping with the selection criteria and clinical risk management, with the aim to anaesthetise higher risk patients in a hospital-type environment. Patients having dental procedures are ideally suited to day surgical anaesthesia, meeting the requirements of minimal risk of postoperative haemorrhage, amenability to postoperative analgesia, and suitability for outpatient postoperative care.
In our practice, we rely on the self-reporting of obstructive sleep apnoea. Undiagnosed sleep apnoea is common in the community and it is likely that the prevalence of obstructive sleep apnoea in our patient group was actually higher 13 . In our data both asthma and emphysema were collected as one parameter, with 14.4% of patients found to have either of these conditions. As influenced by the average patient age in the cohort analysed, it is likely that most of this is accounted for by asthma, the prevalence of which is in keeping with the general population 14 . In this environment of OBA the predominant technique used was TIVA. This technique is recommended for use by the service mainly for the logistical benefit of eliminating the need for gas scavenging 15 . The additional theoretical pharmacological benefits include that it does not trigger malignant hyperthermia and has a demonstrated lower rate of postoperative nausea and vomiting 16 . We found that the recommended technique was delivered in a total of 1,054/1,102 (95.6%) episodes of care. The remaining 4.4% received a mixture of volatile and intravenous techniques or a purely volatile technique. As already addressed, the mobile anaesthesia units and the permanently-placed anaesthesia delivery systems are not equipped to scavenge, so this volatile gas was therefore likely released into the atmosphere. Although a processed electroencephalogram monitor is available for use by our anaesthetists, we did not audit the use of this equipment. Use of the processed electroencephalogram by anaesthetists is at the discretion of each practitioner. In the UK-based National Audit Project 5 report, technical errors and poor application of knowledge were highlighted as the major causative factors of awareness during TIVA, rather than the lack of processed electroencephalogram monitoring in clinical use 17, 18 . There was wide variability in the duration of the procedures with a large standard deviation of 101 minutes. This is anticipated as the service provides both general anaesthesia and sedation for a wide variety of procedures (Table 2 ).
Ten percent of our patients had a body temperature below 36°C documented in PACU which is a considerably higher incidence of hypothermia than the 1.84% published in the Australasian Clinical Indicator Report 9 . The PACU LOS fits within the day surgical admission parameters, with 78.5% of patients admitted to PACU requiring a stay of less than 60 minutes. The number of patients staying in stage one and two recovery beyond the planned 60 minutes is considerably higher than that planned or as reported in the Australasian Clinical Indicator Report published recently 9 . This may be related to the model of recovery care, by which only one patient is recovered at a time. This allows for greater one-on-one attention to detail. The environment of OBA is removed from any hospital facilities and there is merit in ensuring complete patient recovery. Patient satisfaction is also accounted for in this approach.
The rates of PONV are appreciably low with 1.89% of patients experiencing this complication. The reasons for these low rates of PONV are multiple and likely include the preferred anaesthesia technique using TIVA with propofol and minimisation of the use of long-acting opioids. Low rates of PONV were also likely a result of judicious prophylaxis of emesis in our cohort.
Through this retrospective audit, we have identified some outlier cases which merit further discussion. We had a total of five super-morbidly obese patients with a BMI over 45 kg/m 2 . All of these patients received sedation, with the mean duration of surgery in this group being 73 minutes (SD 22.5 minutes). All of these cases had been discussed in advance with the relevant anaesthetists. The decision to proceed was made after careful consideration on a case-bycase basis, whilst utilising minimum (conscious) sedation only.
As per ANZCA PS15 there needs to be a maximum acceptable patient weight for the day surgical facility. The service sets the maximum patient weight at 120 kg. There were 20 patients weighing over this limit. We do not have an upper limit for BMI; however obese patients are screened and reviewed closely prior to acceptance. The outlier values in the maximum weight are considered outside the scope of the service and as such can be interpreted to be beyond the recommended practice. Guidelines are considered a recommended course of action however, after considering all the necessary factors, individual anaesthetists can exercise their professional discretion, and therefore practice within the parameters they consider safe, whilst exercising their duty of care to the patients.
In terms of the outlier cases of duration of procedures, there were nine cases with a total procedure duration of nine hours or longer. All of these patients had received a nasal endotracheal tube for complex multi-implant procedures. Eight had no complications and were discharged uneventfully. One patient was admitted to the emergency department as the relevant carer was unable to be contacted afterhours. This case was included as an unanticipated transfer to hospital not related to the procedure.
Care for prolonged cases is often complex, with the potential need for a urinary catheter and deep venous thrombosis prophylaxis. Pneumatic calf compression is standard practice for all multi-implant procedures. Urinary catheters are not inserted by the service. In many of the guidelines for OBA sourced in the United States, there is a maximum time limit of six and a half hours on the procedure duration. ANZCA PS15 does not specify the maximum duration acceptable for day surgical cases. Our service has considered introducing an absolute time limit on the length of the cases, which therefore requires a repeat procedure to complete the necessary surgical work. We considered the cases longer than nine hours duration outside the limits of acceptable practice in a day surgery setting. There is at present no policy placing limits on the duration of surgical cases in this setting. Considering the discharge recovery times and increasing risk of complications, generation of a firm policy by the service may impose reasonable limits on the length of procedures while minimising patient complications.
A total of 22 children under five years of age were anaesthetised by the service, with the youngest being two years old. Eleven of these patients received minimal sedation and 11 received a general anaesthetic. None experienced complications.
In this office-based dental anaesthesia patient population the incidence of significant events was 0.2% over three years or 0.07% per annum. When compared with the Australasian Clinical Indicator 'Unplanned transfer or admission related to ongoing management', our rate of admission is lower than that of 0.38 per 100 patients per annum reported by healthcare organisations 9 . The service had not recorded any sentinel events during the study period as defined in the Victorian Sentinel Event Program 12 .
In a comparable cohort, there was no mortality in a large maxillofacial database of 34,191 patients, anaesthetised and operated on in the office-based setting in the United States 19 . There were two hospital admissions in this particular population, a rate lower than demonstrated by our cohort. The American Association for Accreditation of Ambulatory Surgery Facilities has developed an internet-based quality review and peer review program, reporting an incidence of adverse events of 0.165% per annum in office-based procedures 20 . It is difficult to make inferences with the wider surgical population that includes other surgical subspecialties. However, it is notable that the incidence of adverse events is comparable with our findings. In an extension of the same database, there was a mortality incidence of 1:58,810 patient procedures 21 . Our study was underpowered in terms of procedure volume to make any inferences about mortality incidence.
The major concerns regarding office-based modality of practice revolve around the perception of safety in an office setting, both in Australia and internationally [22] [23] [24] . In an analysis of the OBA patient systems from the American Society of Anesthesiology Closed Claims Database, there was a reported finding of a greater severity of adverse events compared to ambulatory anaesthesia surgical centres. In the Closed Claims Database Office Based Anesthesia, 64% of claims for adverse events relating to office-based anaesthesia were for patient death. In contrast, in the same database death claims resulted from 21% of all claims in ambulatory anaesthesia in non-office settings, a rate three times lower 23 . Safety concerns with OBA are greater than with anaesthesia delivered in ambulatory surgical centres due to greater severity of adverse outcomes, as reported in the American Society of Anesthesiology Closed Claims Database.
Office-based procedures requiring the services of anaesthetists are, however, increasing in Australia. The extent of this increase is unknown as this procedural area is unregulated. There have been multiple poignant media reports of complications of ill-defined office-based surgery and anaesthesia 25 . Currently, there are no regulations around office-based surgeries in Australia, requirements for facility licensing, practitioner credentialling or anaesthesia services accreditation in this setting 26 . Various professional colleges have called for quality assurance processes to be instituted in all surgical areas of OBA 27 . In a recent review article examining the regulations for office-based procedures, it was determined that currently there were no national safety and quality service standards for office-based facilities encompassing the provision of surgical and anaesthetic care 28 . The authors found that this situation exposes patients to potential increased risk of harm when receiving treatment in such unregulated facilities. Having recognised the need to regulate the delivery of care in the office environment, the Department of Health, Victoria is currently developing pertinent local regulation in this field 29 . The regulation will involve appropriate registration of office day care delivery facilities and mandatory accreditation of mobile anaesthesia delivery units.
While our audit findings apply to our service, they may be of interest to a range of institutions currently practising or considering the practice of OBA. On another level, our audit demonstrates compliance with the anticipated standard of office-based anaesthesia, which is essential for good governance across all institutions no matter the size or location. Introduction of transparency across all institutions where care is delivered through reviewing audit outcomes is paramount, particularly with new healthcare delivery systems 30 . The introduction of the audit process, benchmarking standards and overarching principles of clinical governance can be used to contribute to much-needed regulatory standards in the emerging fields of office-based surgery and anaesthesia.
Methodological limitations of our study include the retrospective nature of data collection introducing potential bias affecting internal validity. We assessed the absence of 10% of data as acceptable for the purposes of this quality assurance project. Again, this was based on an assumption that the data were missing completely at random. We have assumed incidental chart inconsistencies are due to human error, with data missing completely at random. As this is an observational quality assurance project, we were not looking for any associations of outcomes, and therefore made no further advanced analysis of missing data 31 . A better approach to study structure in the future may be a concurrent quality assurance project ensuring complete compliance with data collection 32 . Although we are assuming data are missing at random, there were 58.3% of patients with PACU temperature documentation. This is well below the target of 90% documentation compliance and may introduce bias into the audit findings. Although it is likely data are missing completely at random, greater internal validity would be achieved with greater documentation accuracy and a larger sample. Other measures with lower than projected internal validity include documentation of the ASA physical status score (79.3%), intraoperative airway use (83.4%) and documentation of discharge times in recovery (65.8%).
The external validity of this audit is supported by similar data in an international series of OBA as discussed above. The datasets with the maxillofacial group in particular have comparable patient populations 19 . Through this quality assurance process we have identified two key areas requiring improvement, both relating to postoperative measures: high rates of hypothermia and prolonged postoperative stay. Our service will focus on improving intraoperative temperature control through updating the temperature monitoring guidelines intraand postoperatively. We plan to continue encouraging practitioners to use warming blankets through the perioperative period. In the interest of patient safety after discharge, the service may continue to monitor patients for a prolonged time postoperatively.
An incidental finding of incomplete anaesthesia perioperative record maintenance was made. The lower than anticipated values of compliance with documenting ASA physical status, anaesthesia airway use and main technique, although acceptable for the validity of methodology purposes, are in contrast with the ANZCA document PS06 2006 The Anaesthesia Record Recommendations on Recording the Episode of Anaesthesia Care. This would be considered a subject of a future internal quality assurance project aiming for 100% perioperative anaesthesia documentation 33 . Unrelated to this audit, we plan to develop a specific officebased difficult airway algorithm to account for minimum number of airway interventions and low threshold for patient rescheduling. Cognitive aids have been shown to improve team performance in crisis situations 34 . We aim to adapt and adopt the specific aids to our environment during the implementation cycle of quality improvement. Team training with our dental colleagues is another process measure, which can be implemented to strengthen governance and reliability of the organisation as seen in office-based medical work in the USA 35, 36 . Maintenance of equipment and staffing standards would ensure standards comparable to formal hospital settings 37 . We have begun the process of setting much needed quality review standards for office-based procedures. Development of Australia-wide national evidence-based regulatory standards and a system of reporting to national bodies for office-based procedures needs to be considered a priority. More high quality prospective clinical studies are needed to contribute to the body of knowledge on safety and outcomes in this area in Australia and internationally.
In conclusion, assuming that any data missing was missing completely at random, this retrospective dataset has demonstrated acceptable standards of practice against a range of profession standards. The incidence of adverse events of 0.07% per annum is very low in absolute terms and is in keeping with the large international registry of day and office-based procedures. With appropriate local risk management processes including provider credentialling, equipment availability, facility accreditation, as well as compliance with external and internal guidelines, patient outcomes of an acceptable standard can be achieved in an office environment.
